Abstract -Within the wide range of issues related to 4G energy efficient wireless networks and QoS management wireless networks, due to the scope of the ISSTA conference, in will be also in the focus of research. Due to limited space, this presentation we highlight some segments of wireless and a specific profile of ISSSTA conference, in this networks that will be based on spread spectrum (including presentation we will comment on some of the issues listed UWB) physical layer and mainly discuss only network above. For a variety of other issues the reader is referred to adaptability and reconfigurability issues.
INTRODUCTION II. 4G NETWORKS AND COMPOSITE RADIO
The major expectation from the fourth generation (4G) of ENVIRONMENT wireless communication networks is to be able to handle
In the wireless communications community we are much higher data rates which will be in the range of 1 Gbits witnessing more and more the existence of the composite in WLAN environment and 1O0Mbits in cellular networks radio environment (CRE) and as a consequence the need for [1] . A user, with large range of mobility, will access the reconfigurability concepts. network and will be able to seamlessly reconnect to different
The GRE assumes that different radio networks can be networks even within the same session. The spectra allocation is expected to be more flexible and even flexible coprastin comon in a heterogeneous wireless access spectra shearing among the different subnetworks is infiastructure, through which network providers can more anticipated. In such, so called composite radio environment Refficientl achieve the required capacity and QoS levels.
(GRE), there will be need for more adaptive and yReconfiurablllty enables termnals and network elements to reconfigurable solutions on all layers in the network. In other dynamically select and adapt to the most appropriate radio words there will be need for adaptive link, MAC This also refers to mobility management and adaptive radio concepts pose new requirements on the management of resource management. The composite radio environment will include presence of WLAN, cellular mobile networks, digital Nowadays, a multiplicity of radio access technology audio and video broadcasting, satellite, mobile ad hoc and (RAT) standards are used in wireless communications. As sensor networks.
shown in Fig. 1 , these technologies can be roughly Within the more advanced solutions focus will be on categorized into four sets: active networks [3, 4] including programmable networks, * Cellular networks that include second-generation (2G) [9,10] evolution to 4G wireless networks, programmable 4G mobile systems, such as Global System for Mobile mobile network architecture, cognitive packet networks, the Communications (GSM) [8] , and their evolutions, often random neural networks based algorithms, game theory called 2.5G systems, such as enhanced digital GSM models in cognitive radio networks, cognitive radio evolution (EDGE), General Packet Radio Service (GPRS) networks as a game and biologically inspired networks [4] Digital voice and video broadcasting (DVB) [6] and satellite communications will be suing OFDMA the transmission rate at the source when the network is A protocol booster is a supporting agent that by itself is congested. A TCP transmitter deduces information about not a protocol. It may add, delete, or delay protocol network congestion by examining acknowledgments messages, but never originates, terminates, or converts that (ACK's) sent by the TCP receiver. If the transmitter sees protocol. A multi-element protocol booster may define new several ACK's with the same sequence number, then it protocol messages to exchange among themselves, but these assumes that network congestion caused a loss of data protocols are originated and terminated by protocol booster messages. If congestion is noted in a subnet, then a elements, and are not visible or meaningful external to the congestion control booster could artificially produce booster. Fig. 4 shows the information flow in a generic twoduplicate ACK's. The TCP receiver would think that data element booster. A protocol booster is transparent to the messages have been lost because of congestion, and would protocol being boosted. Thus, the elimination of a protocol reduce its window size, thus reducing the amount of data it booster will not prevent end-to-end communication, as injects into the network.
would, for example, the removal of one end of a conversion (e.g., TCP/IP header compression unit [7] packets. The FZC booster can be applied between any two or in a gateway machine.
points in a network (including the end systems). If applied to IP, then a sequence number booster adds sequence number 2) One-Element ACK Compression Booster for TCP.
information to the data packets before the first FZC booster.
On a system with asymmetric channel speeds, such as If applied to TCP (or any protocol with sequence number broadcast satellite, the forward (data) channel may be information), then the FZC booster can be more efficient considerably faster than the return (ACK) channel. On such a because: 1) it does not need to add sequence numbers, and 2) system, many TCP ACK's may build up in a queue, it could add new parity information on TCP retransmissions increasing round-trip time, and thus reducing the (ratherthanrepeating the sameparities). At thereceiver side, transmission rate for a given TCP window size. The nature the FZC booster could combine information from multiple of TCP's cumulative ACK's means that any ACK TCP retransmissions for FZC decoding. acknowledges at least as many bytes of data as any earlier ACK. Consequently, if several ACK's are in a queue, it is
However, a neighbour of the sender can bounding the amount of jitter that occurs in the network. A communicate with the receiver directly. jitter control booster can be used to reduce jitter at the e) The receiver discovers that it can hear the expense of increased latency. At the first booster element, sender's signal directly.
timestamps are generated for each data message that passes. These timestamps are transmitted to the second booster f) The receiver can no longer hear the sender's element, which delays messages and attempts to reproduce signal, and none of the sender's neighbours can the intermessage interval that was measured by the first communicate directly with the receiver. booster element.
g) The receiver discovers that it can hear the 7) Two-Element Selective ARQ Booster for IP or TCP.
sender's signal directly. For links with significant error rates using a selective ARQ protocol (with selective acknowledgment and selective h) No neighbours of the sender can communicate retransmission) can significantly improve the efficiency with the receiver directly. compared to using TCP's ARQ (with cumulative i) The sender's original relay neighbour fails. acknowledgment and possibly go-back-N retransmission).
However, the sender can find another neighbour The two-element ARQ booster uses a selective ARQ booster that can communicate with the receiver directly. to supplement TCP by: 1) caching packets in the upstream j) The handoff from one BS to another.
booster, 2) sending negative acknowledgments when gaps are detected in the downstream booster, and 3) selectively retransmitting the packets requested in the negative acknowledgments (if they are in the cache). hop protocol as discussed in the previous section can be used. In addition, to reduce the overall transmit power a a) The receiver can receive the sender's signal cooperative transmit diversity, discussed in [2] , and adaptive directly.
MAC protocol, discussed in [8], can be used. b) The receiver is a neighbour of a neighbour of the sender. c) Neither case a) nor b).
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